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57 ABSTRACT

In a method of determining a position of a touch on a capaci-
tive sensor field having a grid of a plurality of discrete elec-
trodes (12), contacted electrodes are determined by measur-
ing a capacitance value for each of the electrodes and by
checking for each of the electrodes for the measured capaci-
tance value whether this value is above a predefined threshold
value. A rough touch position (B,) is calculated by weighting
the electrode position with the measured capacitance value. A
touch diameter (14) is calculated from the measured capaci-
tance values, and a final touch position (B,) is calculated from
the rough touch position (B,) and the calculated touch diam-
eter (14) using a value table in which correction values that
were determined empirically or by means of simulation are
stored for possible rough touch positions (B, ) and given touch
diameters (14).

11 Claims, 3 Drawing Sheets
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1
METHOD FOR DETERMINING A POSITION
OF A CONTACT ON A CAPACITIVE SENSOR
FIELD

RELATED APPLICATIONS

This application corresponds to PCT/EP2011/072160,
filed Dec. 8, 2011, which claims the benefit of German Appli-
cation No. 102010 053 684.9, filed Dec. 8, 2010, the subject
matter of which are incorporated herein by reference in their
entirety.

BACKGROUND OF THE INVENTION

The present invention relates to a method of determining a
position of a touch on a capacitive sensor field having a grid
of a plurality of discrete electrodes.

In two-dimensional touchpads the accuracy of recognition
is, as a rule, improved in that the electrode grid is designed to
be very tight. In particular, the distance between the elec-
trodes is selected to be distinctly smaller than an average
touch diameter of a fingertip. This, however, results in a large
number of electrodes, which involves a high complexity in
signal evaluation.

SUMMARY OF THE INVENTION

The object of the invention is to present a method which
allows atouch point to be determined with high accuracy even
with an electrode grid in which the electrodes are arranged
farther apart than is conventionally the case.

This is achieved in accordance with the invention in that

(a) touched electrodes are determined by measuring a
capacitance value for each of the electrodes and checking for
each of the electrodes for the measured capacitance value
whether this value is above a predefined threshold value;

(b) a rough touch position is calculated by weighting the
electrode position with the measured capacitance value;

(c) a touch diameter is calculated from the measured
capacitance values; and

(d) afinal touch position is calculated from the rough touch
position and the calculated touch diameter using a value table
in which correction values that were determined empirically
or by means of simulation are stored for possible rough touch
positions and given touch diameters.

In this way, the touch position can be ascertained with a
deviation of less than 1 mm, even for a relatively rough
electrode grid.

The correction values are preferably stored for discrete
relative positions with a higher resolution than the electrode
grid. The resolution may amount to 10 to 200 times that of the
electrode grid. In particular, a factor of 100 has been found to
be advantageous. The resolution in this context means the
pitch of a fine grid arising based on the correction values
along the specified directions.

Preferably, the electrodes for which the measured capaci-
tance value is above the threshold value are combined into at
least one group of neighboring electrodes, in particular of
four electrodes, the centers of which constitute the corners of
a rectangle, and the rough touch position is determined for
each group of electrodes by a division of the sum of the
products of the electrode positions of the group with the
measured capacitance values by the sum of all measured
capacitance values of the group. The method can be applied in
a particularly simple manner if the four electrodes are
arranged in a rectangle. A different number of electrodes and
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2

different arrangements of electrodes in a group are, of course,
also applicable. The method only needs to be adjusted to the
geometry.

Symmetries in two directions orthogonal to each other in
relation to a center of the group of electrodes may be used for
the correction values.

It has been found that it is possible to find a representation
for the correction values in which they exhibit a plurality of
symmetries, for example in relation to a center of the group of
electrodes. These symmetries can be made use of to reduce
the number of correction values in that correction values need
to be detected and stored only for few predetermined lines.
This reduces both the memory requirement and the comput-
ing performance to be effected, so that the sensor field can be
manufactured more cost-effectively as a whole and shows a
lower power consumption.

In a preferred embodiment, a difference value is deter-
mined as a correction value with respect to the first direction
in that based on the component of the rough touch position in
the first direction in relation to the center (M), an Xx-proportion
is defined which originates from a first group of values for a
predetermined coordinate along the second direction. Fur-
thermore, a y-proportion of the difference value is defined,
based on the component of the rough touch position in the
second direction in relation to the center, which originates
from a second group of values for a predetermined coordinate
along the first direction. The difference value is calculated as
a sum of the x-proportion and the y-proportion.

A correction value with respect to the second direction is
established analogously. A difference value in the second
direction is calculated in that based on the component of the
rough touch position in the second direction in relation to the
center, a y-proportion is defined which originates from a third
group of values for a predetermined coordinate along the first
direction, and based on the component of the rough touch
position in the second direction in relation to the center, an
x-proportion is defined which originates from a fourth group
of values for a predetermined coordinate along the second
direction. Here, too, the difference value is calculated as a
sum of the y-proportion and the x-proportion.

The final touch position is then formed from the sum of'the
rough touch position and the difference values with respect to
the two directions.

In an electrode grid that is structured along two orthogonal
directions which will be referred to as x- and y-directions
below, and in which a group of electrodes is assumed to be
constituted by a group of four electrodes arranged in a rect-
angle, it is possible, for example, to use half or a quarter of the
maximum value of the respective direction for each of the
predetermined coordinates. The maximum value is deter-
mined in this connection from the distance of the electrodes in
the respective direction.

Owing to the symmetries exhibited by the correction val-
ues, it is possible here to restrict the value table for the cor-
rection values to lines along exactly these predetermined
coordinates.

On the basis of the symmetry of the correction values in
relation to the center, the groups of values in the first and
second directions can each be reduced to half the electrode
distance.

The touch diameter may be determined empirically from
the measured capacitive values of the electrodes by means of
a linear relationship. In this way, a simple and quick estimate
of the touch diameter is possible, which corresponds to the
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diameter of the area in which a fingertip touches the sensor
field, i.e. rests thereon.
Preferably, the electrodes are spaced from each other.
The diameter of the electrodes or the distance of the centers
of'the electrodes preferably amounts to between 5 and 15 mm;
the distance may differ in the first and second directions.
The capacitive value of each electrode is preferably mea-
sured against ground.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will be described in more detail below based
on an exemplary embodiment and with reference to the
accompanying drawings, in which:

FIG. 1 shows a schematic illustration of a sensor field with
a grid of a plurality of discrete electrodes and a touched
surface;

FIG. 2 shows a schematic illustration of the directions and
the grid of the value table of the correction values;

FIG. 3 shows one of the symmetries of the correction
values;

FIG. 4 shows a schematic overview of the coordinate
details used; and

FIGS. 5 and 6 show examples of the method of measuring
the capacitance values of the electrodes.

DESCRIPTION

FIG. 1 shows a detail of a capacitive sensor field 10 having
a grid of a plurality of discrete electrodes 12, only two of
which are provided with reference numbers in the Figures.
The electrodes 12 are arranged in an orthogonal grid in the x-
and y-directions at a distance from each other here. The
distance of the electrodes 12 in one direction is the same
throughout, but the distance of the electrode centers x,,,,, in
the x-direction is slightly greater than the distance of the
electrode centers y,,,,. in the y-direction here.

The electrodes 12 can each be connected to ground by
means of an evaluation circuit as is shown in FIGS. 5 and 6,
for example, so that the capacitance of each individual elec-
trode 12 with respect to ground can be ascertained.

The capacitive sensor field 10 is employed as an operating
panel for vehicle functions, to operate a radio or a navigation
device, for example, and may be arranged in a dashboard of'a
motor vehicle.

Depending on where a user touches the sensor field 10 with
his/her finger or possibly with a dedicated pen, a respective
predetermined function is performed. The function can be
determined here by a single contact or else by a sequence of
contacts, such as, e.g., by drawing a finger to adjust the
volume or the like.

In FIG. 1, a touch area 14 is drawn in, having a center
formed by the final touch position B,. The touch area 14 is
determined here based on the diameter by which the fingertip
of'the user is in contact with the surface of the sensor field 10.
In the present example, the electrodes E1, E3, and E4 are
touched to different degrees.

In the example shown here, the electrode distance amounts
to 11 mm in the x-direction and to 10 mm in the y-direction.
The electrode diameter is selected to be 9.7 mm in this case.
A person skilled in the art is, of course, at liberty to vary the
diameters, distances, and arrangement of the electrodes. The
method of ascertaining the touch position B, as described
below will then have to be modified accordingly.

In a process cycle, at first the capacitive value of each
electrode 12 of the grid of the sensor field 10 against ground
is determined.
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All electrodes 12 having a capacitive value above a prede-
termined threshold value are rated as touched.

The touched electrodes (in FIG. 1 the three electrodes E1,
E3, and E4) are combined with neighboring electrodes (in
FIG. 1 the electrode E2) to form a group of four arranged in a
rectangle. In the case of FIG. 1, there is only one such group
of four because only one touch occurs. However, if the sensor
field 10 is touched with two fingers, for example, two groups
of electrodes will be determined, for example, and the fol-
lowing method steps would then be carried out for both
groups of electrodes separately.

At first, a rough touch position B, is determined which is
then set off against correction values d,, d,, to be determined
by means of the rough touch position B, to ascertain a final
touch position B..

To determine the rough touch position By, a weighting is
performed. To this end, the respective measured capacitance
value is multiplied by the position of the electrode 12 in the x-
or y-direction, the values thus obtained are added up and
divided by the sum of the capacitances.

Then the deviation of the rough touch position B, to the
final touch position B,, which corresponds to the center of
mass of the touch area 14, is calculated.

For this purpose, a field of values is defined which includes
the associated correction values for predetermined coordinate
values of the area between the four electrode centers of the
group formed above. The correction values may be ascer-
tained empirically or by a simulation, for example.

For the further procedure, use may be made of the fact that
the correction values, viewed over this area, show pro-
nounced symmetries.

The correction values exhibit symmetries with respect to a
center M of the group of four electrodes. A section taken
through the field of values in the x-direction with y=0 is
illustrated in FIG. 3 for different fingertip diameters, that is,
different diameters of the touch area 14. The origin of the
coordinate system used is located in the center of an elec-
trode, as is illustrated in FIG. 2. This means that each of the
four electrodes E1 to E4 covers a different quadrant as well as
the free space between the electrodes.

In the example shown, for example for the x-correction
amount there exists antisymmetry in the x-direction and sym-
metry in the y-direction, respectively, in relation to the center
M. It results from this that for the calculation it is already
sufficient to store the values of one single quadrant of the
range of values shown in FIG. 2, and all further information
can be obtained by simple and quick computing operations.
This reduces the memory capacity required in the electronic
evaluation unit. The memory requirement is further reduced
in that the values change only slowly within one quadrant. It
has turned out to be sufficient to reduce the range of values to
two lines within one quadrant per coordinate direction. This is
indicated in FIG. 4.

Inthe present example, values are detected for this purpose
along the x-directionaty =2y, and serve to determine an
x-proportion d,, of a difference value d, for refining the x-co-
ordinate of the rough touch position B,. In addition, values
are detected along the y-direction at an x-coordinate x, of %4
X,aw Which serve to determine the y-proportion d, of the
difference value d, for further refinement of the x-coordinate
of' the touch position.

For ascertaining a difference value d,, for the y-coordinate
of the rough touch position B, values along the y-direction at
a value x,=% x,,,, and values along the x-direction at the
y-position y,=%4y,,,,. are used analogously, to determine the
proportions d,,, and d,,.
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Thus, four groups of values are established. A first group of
values (X, y,, k) contains the correction values k for a number
of' x-coordinates at the position y,. A second group of values
(X,, ¥, k) contains correction values for a number of y-coor-
dinates at the position x,,. A third group of values (x,, v, k)
contains the correction values k for anumber of y-coordinates
at the position x,. A fourth group of values (x, y,, k) contains
the correction values k for a number of x-coordinates at the
position y,.

In this way, the field of correction values can be reduced to
a simple value table. The distance along the x- and y-direc-
tions in which the correction values are detected and stored is,
of course, denser here than the distance of the electrodes 12 in
the electrode grid. It has been found that a density that is
higher by a factor of 100 as compared to the electrode grid is
sufficient. This roughly corresponds to a distance of the cor-
rection values of 0.1 mm along the electrode grid. When
exploiting the symmetries and with a reduction to two lines
per coordinate, only about 200 values therefore need to be
deposited, stored and read out.

The field of the correction values, however, exhibits a
dependency on the diameter of the touch area 14, which
corresponds to the diameter of a fingertip.

It has been found that a good approximation for the diam-
eter of the touch area 14 can be obtained from the capacitance
values of the touched electrodes 12 by means of a linear
relationship. The respective parameters of the linear relation-
ship may be established empirically, by simulation or mea-
surements for a particular sensor field concerned.

The correction values are detected for different diameters
of'the touch area 14, i.e. fingertip diameters, for example for
values of between 9 and 15 mm. For each diameter a separate
set of correction values is determined and stored in the
memory.

The final touch position B, is then determined by ascer-
taining touch positions for the two closest touch diameters 14
stored and interpolating from these values atouch position for
the value ascertained by means of the linear relationship.

The basics of the method will be explained below with
reference to an example as shown in FIG. 4.

At first, the rough touch position B, is determined as
described above by weighting the capacitance values of the
touched electrodes.

Subsequently, difference values d, and d,, for the x-coordi-
nate B, and the y-coordinate B, respectively, of the rough
touch position B, are ascertained for refining the rough touch
position B,.

The proportion d,, of the correction value d, is established
by reading out the correction value k corresponding to the
value B, from the correction values along the line y,, (here 12
V.mar) fOr the coordinate B,.. Based on the symmetry relation-
ship in the x-direction, the value read is either used directly or
the negative value is used, with the x-coordinate being
adjusted appropriately. The following applies here: d (B,)=k
Y (B forB.<V4x,,,.:d (B)=k(Y (X,,,,—B,) for B >12
X

The second correction value d,, is ascertained from the
correction values in the y-direction along the coordinate x,, (in
this case at %4 x,,,,); here, again, the symmetries have to be
taken into consideration. If B, i.e. the y-component of the
rough touch position B,, is smaller than Y2y, ., the correc-
tion value stored is used directly; if it is greater than Y2y, ...
the value on the y-coordinate mirrored with respect to the
center M is used. The following applies here: d.,=k(x,(B,))
for By<1/2 Ymaxs dx2(By):k(Ya(ymax_By)) for By>1/2 Ymax:

The x-difference value d, is then calculated by a multipli-
cation of d,; and d_,. This correction value is added to the
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x-component B, of the rough touch position B, in order to
determine the x-component of the final touch position B,.

The y-correction values d, are ascertained by analogy
therewith, the correction value d,, being determined by
means of the coordinate x,, (here 12 x,,,,.) and the correction
value d,; being determined by means of the coordinate y,
(here Y4 y,,..)-

The correction values d, and d, are calculated for the two
stored touch diameters that are closest to the touch diameter
ascertained. Inthis way, two sets of difference values d, and d.
each are obtained. The final difference value is determined by
an interpolation.

The final difference values d, and d, are added to the x- and
y-components of the rough touch position B, to define the
final touch position B,.

This allows the error to be reduced to less than 1 mm in
each direction.

FIGS. 5 and 6 show possible known methods of measuring
the electrode capacitance.

The circuits shown serve to carry out a charge transfer
sensing method, in which one capacitor having a known
capacitance is charged at a time. Cy is the capacitance of the
comparison capacitor here, c, is the capacitance to be mea-
sured, and ¢, denote inevitable parasitic capacitances.

In FIG. 5, c, is first charged with the known reference
voltage VCC, which results in a charge of Q=VCC*c,. Inthe
next step, the voltage VCC is disconnected and the capacitor
to be measured with the capacitance c, and, inevitably, the
parasitic capacitances c,, is connected to the capacitor c, so
that the charge is distributed accordingly: Q=VCC*(c +c +
c,). The voltage VC can be calculated from this as
VC=VCCH*/(c4c,4c,).

As an alternative, the method shown in FIG. 6 may also be
carried out, where, using similar calculations, VC is deter-
mined to be VC=VCC*(c,+c )/(c+c, +c,). These methods
are described in US 2010/0181180 A1 in more detail.

The invention claimed is:

1. A method of determining a position of a touch on a
capacitive sensor field having a grid of a plurality of discrete
electrodes (12), wherein:

(a) touched electrodes are determined by measuring a
capacitance value for each of the electrodes and check-
ing for each of the electrodes for the measured capaci-
tance value whether this value is above a predefined
threshold value;

(b) a rough touch position (B,) is calculated by weighting
the electrode position with the measured capacitance
value;

(c) atouch diameter (14) corresponding to a diameter of an
area where a fingertip contacts two or more electrodes of
the plurality of electrodes on a surface of the sensor field
is calculated from each of the measured capacitance
values; and

(d) a final touch position (B,) is calculated from the rough
touch position (B,) and the calculated touch diameter
(14) using a value table in which correction values (k)
that were determined empirically or by means of simu-
lation and are dependent on the rough touch position
(B,) and the touch diameter (14) are stored for possible
rough touch positions (B,) and given touch diameters
14).

2. The method according to claim 1, characterized in that
the correction values (k) are stored for discrete relative posi-
tions with a higher resolution than the electrode grid.

3. The method according claim 1, wherein the electrodes
(12) for which the measured capacitance value is above the
threshold value are combined into at least one group (E1-E4)
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of'neighboring electrodes, in particular of four electrodes, the
centers of which constitute the corners of a rectangle, and the
rough touch position (B,) is determined for each group of
electrodes by a division of the sum of the products of the
electrode positions of the group with the measured capaci-
tance values by the sum of all measured capacitance values of
the group.

4. The method according to claim 3, wherein symmetries in
two directions (X, y) orthogonal to each other in relation to a
center (M) of the group of electrodes (E1-E4) are assumed for
the correction values.

5. The method according to claim 4, wherein:

a difference value (d,) in the first direction (X) is deter-

mined in that
based on the component (B,) of the rough touch position
(B,) in the first direction (x) in relation to the center (M),
an x-proportion (d,,) is defined which originates from a
first group of values (X, y ,, k) of the correction values (k)
for a predetermined coordinate (y,) along the second
direction (y);

based on the component (B,) of the rough touch position
(B) in the second direction (y) in relation to the center
(M), a y-proportion (d,,) is defined which originates
from a second group of values (x,,, y, k) of the correction
values (k) for a predetermined coordinate (x,,) along the
first direction (x); and

the difference value (d,) is calculated as a sum of the

x-proportion (d, ) and the y-proportion (d,,);
adifference value in the second direction (y) is determined
in that

based on the component (B,) of the rough touch position

(B) in the second direction (y) in relation to the center
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(M), a y-proportion (d,,) is defined which originates
from a third group of values (x,, y, k) for a predetermined
coordinate (x,) along the first direction (x); and

based on the component (B,) of the rough touch position

(B) in the second direction (x) in relation to the center
(M), an x-proportion (d,,) is defined which originates
from a fourth group of values (x, y,, k) for a predeter-
mined coordinate (y,) along the second direction (y);
the difference value (d,) is calculated as a sum of the
y-proportion (d,, ) and the x-proportion (d,,); and

the final touch position (B,) is formed from the sum of the

rough touch position (B) and the difference values (d,,
d).

6. Tfle method according to claim 5, wherein on the basis of
the symmetry of the correction values (k) in relation to the
center (M), the groups of values in the first and second direc-
tions (X, y) are each reduced to half the electrode distance.

7. The method according to claim 1, wherein the touch
diameter (14) is determined from the measured capacitive
values of the electrodes (12) by means of a linear relationship.

8. The method according to claim 1, wherein the electrodes
(12) are spaced from each other.

9. The method according to claim 1, wherein a diameter of
the electrodes (12) or a distance of the centers (M) of the
electrodes (12) amounts to approx. 5-15 mm.

10. The method according to claim 1, wherein the capaci-
tive value of each electrode (12) is measured against ground.

11. The method according to claim 1, wherein a given
correction value ofthe correction values (k) is associated with
a given touch diameter.

#* #* #* #* #*



